Ecological distribution. A. fumigatus has been found frequently in composting vegetative material (7, 17, 21, 39) , self-heating woodchip piles (5, 18, 44) , municipal refuse compost (30, 32, 43) , refuse-sludge compost (32) , moldy hay (24) , and sewage (12, 14, 15) . Unlike truly thermophilic fungi, which cannot grow below 200C (16) , A. funigatus grows over a range of below 20 to about 500C (16) .
In contrast to the frequent occurrence of A. fumigatus in the above-mentioned environments, aspergilli in general have been reported only infrequently and in small numbers in outdoor air (23, 28) . Austwick (3, 4) reported low concentrations (10 to 104/m3) of A. fumigatus spores in outdoor air and stated, "Aspergillustype spores in the outside air probably rarely exceed 500/m3, but within a farm building following the shaking of mouldy hay Lacey and Lacey (35) found up to 21 million/m3." Airbome spores in pastures consisted largely of Cladosporium sp. and a few other forms but included extremely few spores of aspergilli (33) .
A. fumigatus does not appear to be predominant in the fungal flora of most soils (25, 41) , even though often isolated. Recent data on sunheated soils revealed that A. fumigatus was the second most frequently isolated thermophilic/thermotolerant fungus from that environment (45) ; no data are provided on population levels of the fungus in terms of colony-forming units (CFU) per gram of soil.
Pathogenicity and hypersensitivity. A. fumigatus is a secondary opportunistic invader of the lungs, sometimes spreading to other organs or to the central nervous system in individuals severely debilitated by primary diseases (18, 27 (26, 31) . It has been widely used in skin prick tests of asthmatic patients and is recommended (38) Initial samples of compost used to build the 6-month storage test pile contained 4.7 x 106 CFU of thermophiles per GDW, of which 1% or 4.7 x 104 CFU/GDW were A. fumigatus; Paecilomyces varioti Bainier was the preponderant fungus. Samples also contained 2.9 x 105 CFU of mesophiles per GDW with Scopulariopsis brevicaulis (Sacc.) Bainier as the preponderant fungus.
At 1 week, A. fumigatus constituted 1.5% of thermophilic fungi or 2.7 x 104 CFU/GDW at the 10-cm depth. At 25-and 50-cm depths, the fungus constituted less than 1% of thermophiles, or 1.1 x 10W and 5.8 x 103 CFU/GDW, respectively. At 1 and 4 months, A. fumigatus was not detected at 25 and 50 cm. At the 10-cm depth, A. fumigatus constituted 11.8% of thermophiles, or 3.0 x 105 CFU/GDW, at 1 month, and 1.8% of thermophiles, or 1.3 x 10" CFU/GDW, at 4 months. Negligible to completely undetectable levels of A. fumigatus were found in compost from all three depths of the compost pile at 6 months. Similarly, compost bagged and stored 1 week to 4 months exhibited negligible or undetectable levels of A. fumigatus. In summary of the above data, the maximum and minimum levels of A. fumigatus detected at each stage of the composting process are shown in Fig. 1 .
Air spora. Colonies of A. fumigatus were frequently detected on agar exposed to air at the compost site ( as well as during periods of no machine activity. Of the mesophilic colonies counted, 63% were A. fumigatus, and of the thermophilic colonies, 87% were A. fumigatus. Plates were exposed for a cumulative total of 60 min to collect a total of 3,981 colonies, of which 2,991 were A. fumigatus.
In striking contrast to the above situation, only five colonies of A. fumigatus were detected on plates exposed to air at 17 noncompost sites. At these same sites, a cumulative total exposure of 391 min resulted in 50 plates positive for fungal colonies. Of the 297 total fungal colonies detected at 25 and 44°C, only 5, i.e., 2%, were A. fumigatus.
Commercial potting soils, manures, and mulches. Levels ofA. fumigatus in the 21 products analyzed varied greatly; Table 3 shows the levels of mesophiles, thermophiles, and A. fumigatus found in each product. Almost all products had at least 102 thermophilic CFU/GDW; five products contained no detectable A. fumigatus. Of the samples containing the fungus, only one, no. 198, contained levels approximating those found in 1-month-old Beltsville storage compost from a 10-cm depth. Five products, no. 198, 232, 234, 233, and 197, contained A. fumigatus levels >1.3 x 104 CFU/GDW, the amount found in a 4-month-old Beltsville storage compost from the 10-cm depth. Moisture content and pH of the products varied but were apparently not correlated with the presence or absence of A. fumigatus. DISCUSSION A. fumigatus occurs at easily detectable levels at each stage of the composting process. Levels varied, reflecting age, temperature, handling, and, to some degree, moisture content of the substrate. Fresh woodchips stored for only a few days contained approximately 102 to 104 fewer A. fumigatus CFU per GDW than chips stored in stockpiles for 1 month or more. The levels of A. fumigatus in sludge analyzed in this study were not exceedingly high or variable; however, levels higher or lower than these might occur in sludges from elsewhere. For example, samples of sewage sludge from Ohio (13) collected at different times during a 1-year period were found to contain up to 3.8 x 107 CFU of A. fumigatus per GDW.
Occurrence of A. fumigatus in a 3-week compost is restricted to zones with temperatures of approximately 60°C or less. One zone with slightly higher recorded temperature, 62 to 630C, contained 2.1 x 103 CFU of A. fumigatus per GDW. Compost from this same zone had a moisture content of 28%, whereas samples from zones with effectively lethal temperatures, -60°C, had an average moisture content of 45%. The temperature zones of<600C were generally confined to the exterior 0.75 m of the piles, including the blanket layer. Thus, these fungal zones constitute approximately 60% of the total volume of a free-standing pile, or 25 to 37% of the total volume of an extended (conjunctive) pile.
High levels of A. fumigatus in cured and screened compost (Fig. 1) may be a result of mechanical distribution of conidia and thus reinoculation of previously A. fumigatus-free patches. Curing piles still moist and self-heating can easily provide suitable growth conditions for the fungus.
Stationary storage for 1 month or more generally caused a decline in the population of A. fumigatus (Fig. 1) , especially at depths of 25 and 50 cm. Thus, by the end of the composting process, the total volume of compost contained relatively few propagules of the fungus.
Of the 21 commercial products analyzed, 16 contained A. fumigatus and 5 contained levels higher than those found in 4-month-old Beltsville compost from the 10-cm depth. Thus, several commercial products and Beltsville compost are potential sources of the fungus to users of potting soils and mulches; therefore, such products may not be entirely risk free from the standpoint of inciting allergic responses in sensitized individuals, as has occurred with the use If composting of sludge becomes a practiced method of sludge disposal in various municipalities, attempts might be made to compost sludge with numerous bulking agents other than woodchips. Possibilities include: bagasse, carob husks, corncobs and husks, grass seed straw, cereal straws and husks, paper refuse, peanut hulls, urban refuse, and licorice root. All of these are of high cellulose content. Based on evidence that A. fumigatus is capable of growing and utilizing cellulose as a carbon source (47) , the fungus will very likely be found in such situations.
In conclusion, the on-site problems associated with A. fumigatus are worthy of precautionary consideration. Individuals who have a history of asthma, chronic respiratory allergy, or serious lung pathology, or who are being treated on a continuing program of therapy with antibiotics, corticosteroids, or cytotoxins are susceptible to allergic response or infections by the fungus (1, 18, 26, 27) . Aerosolized particles of compost which include conidia ofA. fumigatus may pose a health problem for sensitized or otherwise predisposed individuals. However, such individuals who are, become, or remain employed at composting sites with knowledge ofthese related facts might achieve some alleviation of exposure if certain practices are initiated, such as (i) wear-ing of respirators, (ii) water or oil spraying of dry, dusty compost sites periodically as required to reduce dust levels, or (iii) isolating the workers from spore-dispersing parts of the process.
In consideration of off-site health matters related to air dispersal of spores, a buffer distance between a composting operation and health-care facilities or residential areas may be needed. The determination of spore concentrations in air at distances from the composting site is currently under investigation in this laboratory.
Any health hazard associated with the use of finished compost or similar commercial products, insofar as A. fumigatus is concerned, is probably closely related to the manner in which the product is handled. Operations which generate dust clouds containing high levels of airborne spores represent a potential exposure problem for hypersensitive or predisposed individuals.
Adequacy of the above cautionary measures and suggestions will require careful evaluation by appropriately informed physicians and epidemiologists.
